Background: Metabolic syndrome (MetS) is a major health problem around the world including Jordan and it has received notable consideration from epidemiologists in the latest years. The objective of this study was to estimate MetS prevalence among employees and its associated factors including socio-demographic, lifestyle, and dietary. Methods: A total of 491 employees (344 men and 147 women aged 20 -65 years) participated in this study. Data concerning fasting plasma glucose level, lipid profile, blood pressure, anthropometric measurements and 24-dietary recalls were obtained. Results: MetS prevalence was 36.3% (38.7% among men and 30.6% among women). Multiple logistic regression analysis results showed that the odds ratio of MetS was increased in older ages (OR: 3.0; 95% CI: 1.43 -6.47; p < 0.01) and smokers (OR: 2.6; 95% CI: 2.58 -4.22; p < 0.01). With elevation 1 unit in the body mass index (BMI), risk of MetS increased by 30% (95% CI: 22.9% -38.4%; p < 0.01) and an increase1 mg/day in dietary iron intake, the risk of MetS increased 2.4% (95% CI: 0.07% -4.3%; p < 0.01). Conclusions: MetS prevalence is considered to be high among Jordanian employees which highlights the urgent need to develop comprehensive national strategies for prevention and treatment of MetS.
Introduction
Metabolic Syndrome (MetS) is a grouping of various metabolic disorders described by hyperglycemia, hypertension, central obesity, and dyslipidemia [1] which well known to raise the risk for development cardiovascular diseases (CVD) and type 2 diabetes mellitus (DM-2) [2] [3] [4] . For this reason MetS is an important public health concern and its diagnosis and treatment could potentially prevent the development of chronic diseases that largely known to be the leading causes of mortality world wide.
Although the etiology of MetS is not entirely understood, research has suggested that insulin resistance, obesity, environmental factors and genetic predisposition, may play major role in its pathogenesis [5, 6] . Even though the exact prevalence of MetS is unknown, research suggests that it is increasing at displeasing rate worldwide [6, 7] and varies depending on the definition used and ethnicity [8] . However limited research is available about MetS prevalence or its components among employees [9] [10] [11] [12] . Studies showed that MetS prevalence was differed according occupational type [9, 10, 12] . To our knowledge, the prevalence of MetS among Jordanian employees is unknown. Therefore, this prospective research was undertaken to determine the prevalence of MetS among Jordanian employees and to establish associated socio-demographic, lifestyle, and dietary risk indicators for the MetS in this population. Identifying these factors will help in developing an effective intervention that target employees to manage and prevent the development of MetS and CVD and DM-2.
Subjects and Methods

Subject's Selection and Recruitments
A cross-sectional study was conducted between June 2007 and December 2007 in one of the Jordanian university. A representative sample of 838 university employees was systematically selected, every third name, from a list of names for all employees. The selected potential participants received an announcement which briefly explained the objectives, significance, and the protocol of the study. A total of 513 employees were Dietary intake was assessed using 24-hour dietary recall for two days (weekday and weekend). Employees were instructed to remember and illustrate the food and beverages that consumed over the past 24 hours for two days. The dietary recalls were entered into a Computerized Nutrient Analysis Program (ESHA, version 7.71, USA). On the other hand, self-administered questionnaire was used to identify the socio-demographic and lifestyle related factors. The questionnaire was pilot tested by an employee's sample to examine its clarity.
Anthropometric, Biochemical and Blood Pressure Measurements
Height, weight, and Waist circumference (WC) were measured to the nearest 0.1 cm, 0.1 kg, 0.1 cm, respectively. Body mass index (BMI) was calculated using height and weight measurements as kg/m 2 . About 10 ml of venous blood samples was collected in heparinyzed test tubes after an overnight fast. Plasma was used to measure glucose (FPG), triglyceride (TG), total cholesterol (TC) and High density lipoproteincholesterol (HDL-C) were measured in Hitachi 902 autoanalyzer, Roche; Germany. Low-density lipoproteins cholesterol (LDL-C) was calculated using the Friedewald equation (LDL-C = TC -HDL-C - [TG/5] ). This equation was valid until the triglyceride concentration reach 400 mg/dl, but if its concentration was higher than 400 mg/dl then LDL-C was measured using auto-analyzer. The blood pressure (BP) of each employee was measured twice in the sitting position after 5-minute rest period using an oscillometric sphygmomanometer (type USM700GSi, Elquest Corporation, Chiba, Japan).
MetS Definition
According to the American Heart Association and the National Heart, Lung, and Blood Institute (AHA/NHLBI) criteria, the diagnosis of MetS was made when three or more of the following risk factors are present: a waist circumference (WC) ≥ 102 cm (≥40 inches) in men and ≥ 88 cm (≥35 inches) in women, fasting plasma glucose (FPG) ≥ 100 mg/dl (5.55 mmol/l) or on drug treatment for elevated glucose, systolic blood pressure (SBP) ≥ 130 mmHg or diastolic blood pressure (DBP) ≥ 85 mmHg or on antihypertensive drug treatment in a patient with a history of hypertension, fasting triglycerides (TG) ≥150 mg/dl (1.7 mmol/l) or on drug treatment for elevated triglycerides, and HDL-C ≤ 40 mg/dl (1.0 mmol/l) in men and ≤50 mg/dl (1.3 mmol/l) in women or on drug treatment for reduced HDL-C [1]. 
Data Analyses
Results
A total of 491 employees (344 men and 147 women aged 20 -65 years) participated in this study. The crude prevalence of MetS and its individual metabolic abnormalities are presented in Figure 1 . The prevalence of MetS among Jordanian employees was 36.3% and low HDL-C was the most common abnormality. Although the prevalence of MetS and abdominal obesity were not significantly differ between gender, men have high prevalence of hypertriglyceridemia, high BP, and high FPG level, whereas women have high prevalence of low HDL-C level (p < 0.05) (Figure 2) .
MetS prevalence and its individual metabolic abnormallities among employees stratified by gender and age are summarized in Table 1 . MetS prevalence was positively correlated with age in both genders. It increase from 20.6% in men aged 20 -34 years to 61.4% in men aged 45 -54 years and then reduced to 53.3% in those aged 55 -65 years, while in women MetS prevalence was 14.9% in 20 -34 years old and sustained to rise to 85.7% in 55 -65 years age group. Among men, the prevalence of abdominal obesity, high BP, and high FPG were significantly increased with age, while the prevalence of hypertriglyceridemia were significantly increased from 30.5% to 55.4% among study population ages between e Low HDL-C, low high density lipoprotein cholesterol concentrations (≤40 mg/dl in men and ≤50 mg/dl; in women or on drug treatment for reduced HDL-C); f High BP, elevated blood pressure (systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85; mmHg or on antihypertensive drug treatment in a patient with a history of hypertension); among women. Women ages between 55 -65 years had the highest prevalence of all the MetS components.
General Characteristics and Lifestyle Behaviors of the Study Population and MetS
MetS prevalence increased significantly with the increase in BMI (mean was 25.5 ± 4.3 kg/m 2 for employees without MetS and 31.4 ± 5.1 kg/m 2 for employees with MetS). Employees who were married, had large family size, had an income level ≥ 500 JD, had management jobs, and were smokers and physically inactive had high MetS prevalence. No associations were found in the educational level or living place. Data are shown in Table 2 .
Eating Patterns and Energy and Nutrients Intake of the Study Population and MetS
No significant association was found between employees eating habits and behaviors and the prevalence of MetS except for using of olive oil and consumption of milk or yogurt as snack. Employees who reported that they used olive oil frequently had significantly lower MetS prevalence (33.0%) than employees who did not use it (43.2%). Also employees who reported that they consumed milk or yogurt as snack had significantly lower prevalence of MetS (27.5%) than employees who did not consume it as snack (38.3%). Employees with MetS had significantly higher mean intake of calories, protein, and fat and some of the micro-nutrients than employees without MetS. However after adjustment for calories intake, all of these differences were not significant between employees with and without MetS except for iron intake. The mean intake of iron was higher among employees with MetS (27.8 ± 16.5 mg/day; 28.5 for men Jordanian Dinar, 1JD = 1.25$; Job nature: management job was for employees who were working as office workers, non-management job was for employees who were working as instructors, lab-technicians, maintainace workers, and farm workers. and 25.7 for women) than employees without MetS (21.4 ± 10.5 mg/day; 23.4 for men and 17.8 for women) (data not shown). Pearson's correlation coefficients results reveled that the macronutrients and total energy intakes were significantly positively correlated with SBP, DBP, abdominal obesity, and BMI level, in contrast their intake were significantly negatively correlated with HDL-C level ( Table 3 ).
Predictors of MetS among the Study Population
Socio-demographic characteristics, lifestyle, and dietary factors that were significantly different between employees with and without MetS were considered in a univariate and multivariate logistic regression analysis to assess the potency of the relationship between these variables and MetS presence or absence ( Table 4 ). In univariate logistic regression analysis, older age, mar-riage, higher income level, management jobs, large fam-ily size, smoking, higher BMI, higher iron intake, physi-cal inactivity and transportation by car were significant predictors of prevalent MetS. However when all of these variables were included in one multivariate model, age, smoking, BMI, and iron intake were the only significant predictors of prevalence of MetS. Results showed that employees with ages between 45 -54 years were 3 times more likely to had MetS than younger employees with other age groups. Smokers employees were 2.6 times more likely to had MetS than non-smoker. Also for every increase of 1 unit in BMI, the risk of MetS increased 30.4% while for every increase 1 mg/day in dietary iron intake, the risk of MetS increased 2.4%.
Discussion
The finding of this study indicates the presence of high prevalence of MetS among Jordanian employees. Using the AHA/NHLBI definition of MetS, the prevalence of MetS in the present study was greatly higher than that documented by other studies among workers in Spain (9.5%) [9] , India (18.5%) [11] and US (18.5%) [12] . The high prevalence of MetS among Jordanian employees was expected since the prevalence MetS among population who live in northern Jordan found to be (43.7%) [13] , even was much higher than that reported in other developing and developed countries [13] . The variation in the prevalence of MetS between studies may be due to differences in definition used and target workers. Also the high MetS prevalence in the study population may be as a result of the increased prevalence of obesity, food overconsumption, inappropriate lifestyle behaviors such as smoking and physical inactivity and environmental factors such as stress related to work condition.
In agreement with many studies [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , this study showed that older age, postmenopausal status, higher BMI, and smoking history were associated with elevated chances of the MetS. Compared to the youngest age group (20 -34 years), the prevalence rate in the 45 -54 years age-group were about three times higher in men and about four times higher in women. Aging is normally accompanied by depletion of muscle mass and elevation of body fat, mainly in the abdomen region which could increase the incidence insulin-resistance [19] . In agreement with previous study, although the prevalence continued to rise in women at age group of 55 -65 years to be about six times higher than the youngest age group, the prevalence in men declined in the same age group [13] . It has been suggested that MetS prevalence tend to decrease after the fifth decade in men because of the survival bias; people who had MetS may die at young age due to the occurrence of CVD and definitely reducing the older age category of affected people [13] . In contrast, menopause could be a contributing factor for the continuously increasing MetS prevalence with age in women which may result in visceral fat accumulation and insulin-resistance [13, 20] .
The present study showed that approximately 37% of the employees were overweight, and 28% were obese. In comparing with normal weight employees, MetS prevalence was about four to five times higher in overweight employees and nine to ten times higher in obese employees. Interestingly the absence of MetS in under- weight employees was 100%. The MetS and overweight or obesity have been associated with an increased risk of DM-2 and CVD morbidity and mortality, resulting in an enormous economic burden to societies [21] [22] [23] . Also in our study, smokers, either current or past, had higher MetS prevalence than non-smokers. Researchers suggested that cigarette-smoking might induce an increase in abdominal obesity, and elevate TG levels, lower HDL-C, and high BP [24, 25] .
As the employment period is considered as a time of nutritional stress that could contribute to latent dietary disturbance. In the presents study we focused on studying the effect of energy and nutrient intakes to estimate the effect of dietary factors on MetS prevalence. Results revealed that there were significant differences in many nutrient intakes between employees with and without MetS. However, when total energy intake was adjusted, we observed that iron intake is the only nutrient that significantly differs between both groups. Employees with MetS consumed more dietary iron than employees without MetS. Therefore, our purpose for adjustment of the total calories intake was to prove our hypothesis that total calorie intake is the main cause of increased prevalence of MetS in our study population. We suggested that these observed differences in nutrient intakes between employees based on MetS status were mainly because of the overconsumption by our study population. We thought that our eating habits in Jordan that characterized by consumption of mixed dishes which most of the time contain all of the food groups, allow us to consume adequate amount or even more of macro-and micronutrients. However, our finding concerning iron intake is not un-expected. The association between iron level and atherosclerosis is an issue of debate for long period of time [26] . Iron has been well known to share in free radical producing reactions, thus the increased intake of iron leads to elevate the risk of oxidative stress state which in turn could lead to many diseases and abnormalities [27] . Although nearly all the body iron is protected by binding to the heme-containing proteins, high amount of stored iron in the body could be risky in existence of stimulants that disturbing iron homeostasis such as alcohol consumption or inflammatory status [27] , however in our study ferritin level and the presence of inflammation were not examined. On the other hand, iron depletion because of menstruation could explain the low risk of CVD in women as well as it also explains the increased risk of CVD in menopause period [28] . Because of MetS is considered as a clustering of CVD risk factors, iron might be a contributable factor that increased risk of MetS among our study population. Unfortunately, our results were based on assessing dietary iron intake rather than its concentration in the body.
In the current study, the relation between macronutrients or total energy intake and different clinical characteristics was also examined. It has been well known that high-fat diets tend to be higher in saturated fat that mainly linked with the increase in serum total cholesterol (TC) and LDL-C concentrations which leads to development of CHD and in turn increased mortality rate [22] , while high protein diets promotes phosphorus load, which can lead to acidosis and make worse insulin resistance [1] . Also very high carbohydrate intake was associated with dyslipidemia occurrence [1, 22] . Importantly, the most harmful dietary factor we observed is high caloric intake because it considerably gathers all macronutrients that play a significant role in worsen the MetS status [1, 29] . It has been documented that, a reduction of less than 10% body weight enhances insulin sensitivity, improves lipid profile and reduces BP [22, 30] . Therefore emphasizing on weight reduction and healthy eating patterns with adequate caloric intake and well-distributed macronutrients ratios will be vital to improve the MetS status as well as decrease its prevalence among our population.
As the risk of developing elevated BP is estimated to be two to six times higher in overweight than in normal weight individuals [31] , so it is not surprising that macronutrients as well as total calories intakes were positively associated with the elevation in both SBP and DBP. Research showed that the relationship between excess body weight and BP are proposed to be related to insulin resistance and hyperinsulinemia; elevated plasma insulin lead to increase renal sodium conservation and consequently BP elevation [32] . Although the direct relation between diet and HDL-C levels is controversial, high fat diet had a strong association with lower levels of HDL-C mainly the trans fatty acids [33] [34] [35] . Similarly as the serum levels of HDL-C are highly negatively associated with the TG levels so any factor increases the TG concentration will in turn lowers HDL-C concentration. Most importantly, as HDL-C, concentration is affected by weight gain; it will be affected by increased intake of all the macronutrients and total energy [1, 22, 34] . All of these facts could support our results for the inverse association between the HDL-C level and the macronutrients and total energy intakes.
There are several limitations to present study. First, the cross-sectional design does not allow us to make assumptions about the directional effect and causality, but it is considered as a valuable design that usually used in determining the prevalence. The study is also limited by the use of self-reports of dietary intake and physical activity levels. In addition, the stress level related to work was not assessed. On the other hand, the target population selection based on random samples from different kinds of jobs (instructors, lab-technicians, office workers, drivers, maintenance workers, and farm workers), as well as the inclusion of a representative sample of an employed population lived in different regions in Jordan constitutes one of the major strengths of our study.
Conclusion
Jordanian employees experience high prevalence of MetS. The odds ratio of MetS was significantly increased in older ages, current smokers, higher BMI, and higher daily dietary intake of iron. Clearly there is a great need for developing an effective countrywide intervention programs that target employees at high risk to manage the modifiable factors associated with MetS prevalence and preventing the consequences associated with this condition. In addition, cohort studies would serve as a complement to the present study to establish causality and directional effect of these factors.
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